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cc MESONS

(including possibly non-qq states)

nc(1S)

/G(JPC) — 0+(0— +)

Mass m = 2983.9 &+ 0.5 MeV (S = 1.3)
Full width ' = 31.9 + 0.7 MeV

nc(1S) DECAY MODES

p

Fraction (I';/T) Confidence level (MeV/c)

n'(958)
pp
K*

K*(892) K*(892)

K*(892)0 K*(892)0 7t 7~

KT K™
ol

¢2(rt 7))
a0(980)
a5(1320) 7
K*(892)K + c.c.
£>(1270)n

ww

wo
£,(1270)
£,(1270)
fo(980) 7
f5(1500) 7
f5(2200) 7
a0(980)
ao(1320) 7
30(1450) ™
ao(1950)
K}(1430)K
K3(1430)K
K}(1950) K

b

(1270)
/,(1525)

-

KKW
KKn
UW+W_

HTTP://PDG.LBL.GOV

(892)° K~ 7t + c.c.

Decays involving hadronic resonances

(41 £1.7)% 1323
(1.8 £05)% 1275
(20 £0.7 )% 1278
(7.1 £13 )x 1073 1196
(11 +£05)% 1073
(29 +1.4 )x 1073 1104
( 1.7940.20) x 10~3 1089
< 4 x 10~3 90% 1251
< 2 % 90% 1327
< 2 % 90% 1197
< 1.28 % 90% 1310
< 11 % 90% 1145
< 3.1 x 103 90% 1270
< 25 x 10~4 90% 1185
(9.8 £2.5 ) x 1073 774
(9.8 £3.2 )x 1073 513
seen 1264
seen 1025
seen 498
seen 1327
seen -
seen 1123
seen 860
seen -
seen -
seen -
Decays into stable hadrons

(73 +£05)% 1381
( 1.36+0.16) % 1265
(17 £05)% 1428
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n2(rt ) (44 +13)% 1386
KtK—atn~ (6.9 +1.1)x10"3 1345
KtK-nta 70 (35 +0.6 )% 1304
KOK—ntr 7t +cc. (56 £1.5)% -
KTK=2(rt77) (75 +2.4 )x103 1254
2(KTK™) ( 1.47£0.31) x 103 1055
at a0 < 5 x 104 90% 1476
at o~ 7070 (47 £1.0 )% 1460
2(rt77) (9.7 £1.2 ) x 103 1459
2(rt n~ x0) (17.4 £33 )% 1409
3(rT ) (1.8 04 )% 1407
pp ( 1.51+0.16) x 10~3 1160
ppn° (36 £1.3 )x 1073 1101
AA ( 1.0940.24) x 10~3 901
KtpPA+ c.c. (25 +0.4 )x10~3 772
A(1520) A+ c.c. (31 +£1.3)x103 693
>ty- (21 £0.6 )x 103 901
=—=t (9.0 £2.6 )x10~4 692
T pp (53 £1.8 )x 1073 1027
Radiative decays
vy ( 1.57+0.12) x 10~4 1492
Charge conjugation (C), Parity (P),
Lepton family number (LF) violating modes
R P.CP < 1.1 x 104 90% 1485
7070 PCP < 4 x 1075 90% 1486
Kt K~ P.CP < 6 x 104 90% 1408
Ke KY PCP < 31 x 104 90% 1407
J/¥(1S) 16(UPCY =0m(17 )

Mass m = 3096.900 £ 0.006 MeV

Full width ' =92.9 £ 2.8 keV (S =1.1)
Moo = 5.53 + 0.10 keV.
Nee < 5.4eV, CL=90%
Scale factor/ p
J/4(1S) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
hadrons (87.7 £ 05 )% -
virtualy — hadrons (13.50 & 0.30 ) % -
g8g (641 + 1.0 )% -
Y88 (88 + 11 )% -
et e ( 5.971+ 0.032) % 1548
ete vy [(] (88 + 14 )x1073 1548
W ( 5.961+ 0.033) % 1545
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Decays involving hadronic resonances

pT
070
p(770)F K+ KQ
p(1450)7 — T~ 70
p(1450)F 77 — K% KEnF
p(1450)070 — K+ K70
p(1450) 7' (958) —
7w 1’ (958)
p(1700)7 — 7t~ 70
p(2150)7 — w7~ 70
a>(1320)p
wrtatrn~
wrta 70
wrta™
w f5(1270)
K*(892)0 K*(892)°
K*(892)* K*(892)T

K*(892)* K*(700)F
KS7m™ K*(892) T+ c.c.
Kem™ K*(892)T+ c.c. —
K% K% ata—
KL Kk*(892)° — K KY
17 K*(892)° K*(892)°
n/ K*:I: KT
n K*OKO+ c.c.
n' h1(1415) — 7' K*K+ c.c.
n' hi(1415) — o/ K*E KT
K*(1410)K +c.c —
KE* KT 70
K*(1410)K+ c.c. —
K K7
K%(1430)K +c.c. —
KE* KT 70
K3(1430) K+ c.c. —
KL KE7T
K*(892)° K3(1430)° + c.c.
K*(892)" K3(1430)~ + c.c.

K*(892)* K5(1430)™ + c.c. —

K*(892)T K%7m~ + c.c.
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+ 07 )x1073

HoH HHH

H_

+40

HHHHHRI+  HH I+ I+ HHF KR

H_

H_

S=2.4 1448
1448
0.4 )x1073 -
0.7 )x 1073 -
06 )x10~% -
05 )x10~% -

0.7 )x 1070 -

0.15 ) %

1.1 )x10~4 -
) X 10~ -
0.22 )% 1124
34 )x1073 1392
0.7 )x10~3 1418
1.0 )x1073 1435
06 )x1073 1142
06 )x10~% 1266

83 )10~

05 )x1073 -

05 )x10~3 1342
22 )x107% -

1266

05 )x107° -

0.26 ) x 103 1003
0.13 ) x 1073 -
0.21 )x 1073 1000
0.31 )x 104 -
0.23 )x 104 -
2.8 )x107° -

6 )x107° -
35 )x 1070 -

1.0 )x10~4 -
0.31 ) x 10~3 1012

29 )x1073 1012
4 yx10~4 -
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K*(892)0K5(1770)° + c.c. —
K*(892)° K~ nt + c.c.

wK*(892) K+ c.c.
K K*(892)+c.c. —
KKE7T
KT K*(892)™ + c.c.

KT K*(892)™ + c.c. —

Kt K= #0

K+ K*(892)™ + c.c. —

KOKErF+ cc.

KOK*(892)% 4 c.c.

KOK*(892)%+ c.c. —

KO Ki 7r$+ c.c.
K1(1400)* K
K*(892)° K+7r + c.c.
K*(892)* KT 70
892)0 KQ 70

O

AAA/\

w0 n
by(1235)F 7 ¥
wKiK%WqE
b1(1235)0 7°
nK= KT
pK*(892)K + c.c.
wKK
wf0(1710) — wKV
¢2(rT77)
A(1232) T pr~
w1
PKK
oKL K -
$fp(1710) — ¢KK
PKT K~
¢ H(1270)
A(1232)TTA(1232)

5 (1385)~ X (1385)™ (or c.c.)

5(1385)%x(1385)°
K+ K= f,(1525)

¢ £1(1525)

ot~

7'('0 7T0
pKEKS T
wf(1420)
o1
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0.9 )x10~4

0.9 )x10~3
05 )x10~3

04 )x10~3
0.21 )x 1073

0.4 )x10~3

0.4 )x10~3
0.4 )x10~3

14 )x1073
16 )x1073
13 )x1073
4 )x10~4
0.8 )x10~3
1.7 )x10~4
05 )x1073
05 )x10~3
06 )x1073
04 )x1073
0.23 ) x 10~3
04 )x10~3
1.1 )x10~4
0.32 )x 1073
05 )x1073
0.20 ) x 10—3
0.16 ) x 1073
15 )x10~4
06 )x10~%
12 )x10~4
06 )x10~%
0.29 ) x 10—3
0.05 ) x 103
0.08 ) x 1073
0.35 ) x 1073
4 )x1074
15 )x10~4
1.0 )x10~4
0.8 )x10~%
24 )x1074
0.8 )x10~%

S=1.6
S=1.3

S$S=2.7
S=1.7

S=15
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=0=0
=(1530)" =*
pK~X(1385)°
wT

wr? > gt 70
¢n'(958)
¢1,(980)

$1(980) — om T

)
¢1(980) — ¢707°
pm0 1 (980) — ¢rlmt o~
pn01y(980) — 0 pO70
n¢f(980) — nomtw
¢ a9(980)° — nmP
=(1530)° =9
> (1385)~ X T (or c.c.)
¢ f(1285)
¢ f(1285) —
¢ fp(980) —
dr0nt
¢ f(1285) —
¢ fp(980) —
dmO 7070
nﬂ+ﬁ_
np
wn'(958)
w 15(980)
p1'(958)
ap(1320)* 7
K K5(1430)+ c.c.
K1(1270)F KT
K1(1270) K — vK%KQ
KS7m™ K3(1430)T + c.c.
K3(1430)0 K5(1430)°
¢7°
#n(1405) — ¢nrt
w5 (1525)
wX(1835) — wpp
¢X(1835) — ¢pp
#X(1835) — onmta~
#X(1870) — onnta~

ne(2170) — nefy(980) —

nemtmw
n$(2170) —
nK*(892)° K*(892)°
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(1.17 + 0.04 ) x 103 818
(59 + 15 )x10~4 600
(51 =+ 32 )x10~4 646
(45 + 05 )x10~4 S=1.4 1446
(17 £ 08 )x10~° -
(46 + 05 )x10~4 S=22 1192
(32 + 09 )x10~4 S=1.9 1178
(259 + 034 )x10~4 -
(18 + 05 )x10~4 -
(45 + 1.0 )x107° -
(1.7 + 06 )x107© 1045
(32 + 10 )x10~4 -
(44 + 14 )x10°6 -
(32 + 14 )x10~4 608
[b] (31 + 05 )x10~4 855
(26 + 05 )x10~4 1032
(9.4 + 28 )x10~ 7/ 952
(21 + 22 )x10~' 955
(42 + 08 )x10~4 1487
(193 + 023 )x 104 1396
(189 + 0.18 ) x 10~4 1279
(14 + 05 )x10~4 1267
(81 + 08 )x107° S=1.6 1281
[b] < 4.3 x 1073  CL=90% 1264
< 4.0 x 1073 CL=90% 1159
< 3.0 x 1073 CL=90% 1231
(85 + 25 )x10~/ -
(36 + 18 )x1073 1117
< 29 x 1073  CL=90% 604
3x1070 or 1 x 1077 1377
(20 + 10 )x10~° 946
< 22 x10~%  CL=90% 1003
< 39 x 1070 CL=05% -
< 21 x 107  CL=90% -
< 2.8 x10~%  CL=90% 578
< 6.13 x 1072  CL=90% -
(12 + 04 )x10~4 628
< 252 x10~%  CL=90% -
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5 (1385)%A+ c.c. < 82 x 1076 CL=00% 912
A(1232)1p B < 1 x 104  CL=90% 1100
A(1520) A+ c.c. — yAA < 41 x 1076 CL=90% -
A(1520) A+ c.c. < 1.80 x 1073 CL=90% 806
©(1540) ©(1540) — < 11 x 1072 CL=90% -
K%pK‘ﬁ—i— c.c.
O(1540)K—n — KipK~n < 21 x 1073 CL=90% -
O(1540)K%p — KIpK*n < 16 x1075  CL=90% -
O(1540) KT n — KYpK*n < 56 x 1075 CL=90% -
O(1540)K%p — K%pK™n < 11 x 1075 CL=90% -

Decays into stable hadrons

2(rt )70 (337 £ 026 )% 1496
3(rt7m)a0 (29 +06 )% 1433
ata— 70 (210 + 0.08 )% S=1.6 1533
ata= 707070 (271 + 0.29 )% 1497
pEr ¥ 7070 (141 + 022 )% 1421
ptp—x0 (60 + 1.1 )x10-3 1208
Tt nOKT K= (120 + 0.30 )% 1368
4(nt ) n0 (90 + 30 )x1073 1345
T KT K™ (684 + 032 )x1073 1407
T KL KO (38 + 06 )x103 1406
mra KSKY (1.68 + 0.19 ) x 103 1406
rEn0 KT K (57 + 05 )x10-3 1408
KTK™KYKS (41 £ 08 )x10~4 1127
ata KTK™n (47 + 07 )x1073 1221
mOnO Kt K~ (212 + 0.23 )x 103 1410
O rOKY KO (19 =+ 04 )x103 1408
KK (61 =+ 1.0 )x10~3 1442
KT K= 70 (214 £ 024 )x 103 1442
K KEnT (56 + 05 )x10~3 1440
KS K9 70 ( 2.06 £ 0.27 ) x 10~3 1440
K*(892)° KO+ c.c. — (121 + 018 ) x 1073 -

0 400

K’ KL7r_
K35(1430)°KO + c.c. — (43 + 13 )x107% -

0 400

, OKS K|m
KeKin (144 + 034 )x 1073 1328
2(rT 7)) (357 + 030 )x 103 1517
3(rtmT) (43 + 04 )x103 1466
2(rt n~ 70) (1.61 + 021 )% 1468
20T )n (226 + 0.28 ) x 1073 1446
3(rt w7 )n (72 + 15 )x1074 1379
ata 7070y (23 £ 05 )x10-3 1448
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pEnt a0y (19 + 08 )x10~3 1326
pp ( 2.121+ 0.029) x 10~3 1232
ppn° (119 + 0.08 ) x 103 S=1.1 1176
ppr T (6.0 + 05 )x10~3 S=13 1107
pprt a0 [c] (23 + 09 )x1073 S=1.9 1033
PPN (2.00 + 0.12 ) x 1073 948
ppp < 3.1 x 1074  CL=90% 774
ppw (98 + 10 )x10~% S=1.3 768
ppn’ (958) (129 + 0.14 )x10~4 $=2.0 596
pPag(980) — pp7rln (68 £ 1.8 )x107° -
pp o (519 + 0.33 ) x 10~° 527
nn (2.09 + 0.16 ) x 1073 1231
natT T (4 +4 )x103 1106
yty- (150 + 0.24 ) x 103 992
5030 ( 1.172+ 0.032) x 103 S=1.4 988
2AzrT T )KT K™ (31 + 13 )x103 1320
pAT— (212 + 0.09 ) x 10~3 1174
nN(1440) seen 978
nN(1520) seen 928
nN(1535) seen 917
=—=t (97 £ 08 )x1074 S=14 807
AA (1.89 + 0.09 ) x 103 S=2.8 1074
AX =7t (or c.c.) [b] (83 + 07 )x10~4 S=12 950
pK~ A+c.c. (87 + 11 )x1074 876
2(KTK™) (72 + 08 )x10~* 1131
pK— X0 (29 =+ 08 )x10~4 819
KT K~ (2.8 + 021 )x10~% 1468
KeKY (1.95 £ 0.11 ) x 10~4 S=2.4 1466
Art = (43 £+ 10 )x1073 903
AAn (162 + 017 )x 104 672
AATO (38 £ 04 )x1075 998
AnK%+ ce. (65 + 1.1 )x10~4 872
atn~ (1.47 + 0.14 )x 1074 1542
ANY + cc. (283 £ 023 )x1075 1034
Ke KY < 14 x 1078  CL=95% 1466

Radiative decays
3y (116 + 022 )x 107> 1548
4y < 9 x 1070  CL=90% 1548
5 < 15 x 1072  CL=90% 1548
070 ( 115 + 0.05 ) x 103 1543
ynm0 (214 + 031 )x 1075 1497
vap(980)° — ~nx0 < 25 x 1070  CL=95% -
va5(1320)° — a0 < 6.6 x 1070  CL=05% -
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7K K (81 + 04 )x10~4 1466
N (1S) (17 +£04 )% S=15 111

ne(1S) — 3y (38 T 13 )x1070 S=1.1 -
vt a— 270 (83 + 31 )x10-3 1518
ynmTw (61 =+ 1.0 )x10~3 1487

y1o(1870) — ynprta~ (62 =+ 24 )x1074 -~
yn(1405/1475) — yKKm [d (28 + 06 )x10~3 S=1.6 1223
vn(1405/1475) — ~~p° (7.8 + 20 )x1075 S=18 1223
yn(1405/1475) — ~ynata~ (30 £ 05 )x1074 -~
vn(1405/1475) — ~~v¢ < 82 x 1072  CL=95% -
yn(1405) — vy~ < 2.63 x 1076 CL=90% -
yn(1475) — vy < 1.86 x 1076 CL=00% -
Ypp (45 + 08 )x1073 1340
v pw < 5.4 x 104  CL=90% 1338
VP < 88 x 1075  CL=90% 1258
v’ (958) (521 + 017 )x 1073 S=1.4 1400
y2rt 2w~ (28 + 05 )x1073 S=1.9 1517

v (1270) £,(1270) (95 + 17 )x10~ % 878

v (1270) £,(1270) (non reso- (82 + 19 )x1074 -

nant)

YKTK ntn~ (21 + 06 )x1073 1407
7 12(2050) (27 + 07 )x103 891
Yww (161 £+ 033 )x 1073 1336
vn(1405/1475) — ~p°p° (17 + 04 )x103 S=13 1223
v f,(1270) (164 + 0.12 )x 103 S=1.3 1286

v£(1270) — 7K K (258 = 389 )x 1075 -
v f(1370) — yKK (42 + 15 )x10~* -

vf(1370) — KL KY (11 + 04 )x107° -
vf(1500) — YKL K (159 T 3281075 -
vf(1710) — yvKK (95 T 30 yxi104 S=1.5 1075
vf(1710) — 7w (38 + 05 )x10~4 -
v1(1710) - yww (31 + 1.0 )x10~% -
~vfp(1710) — ~nn (24 T (1)% ) x 104 -
N ( 1.108+ 0.027) x 103 1500
v (1420) — yKK (79 + 13 )x10~% 1220
v f1(1285) (6.1 =+ 08 )x10~4 1283
v £(1510) — ynrta~ (45 + 12 )x1074 -
v f5(1525) (57 T 38 )x104 S=15 1173

v£5(1525) — yK2 K (80 T 3L yx1075 -
vf5(1525) — ynn (34 + 14 )x107° -
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vH(1640) — yww (28 + 18 )x10~% -
v5(1910) —» yww (20 + 14 )x1074 -
vf(1750) — YKL KY (111 T 320 ) %1075 -~
v1(1800) — ywao (25 + 06 )x1074 -
~vf(1810) — ~nn (54 T 2:2 ) x 1072 -
7£(1950) — (70 + 22 )x10~4 -
v K*(892) K*(892)
v K*(892) K*(892) (40 + 1.3 )x1073 1266
Yoo (40 + 12 )x10~4 $=2.1 1166
YpPp (38 =+ 10 )x10~4 1232
yn(2225) (314 T 938 )x 1074 752
yn(1760) — ~pY p° (13 + 09 )x10~4 1048
yn(1760) — yww (1.98 + 0.33 )x 1073 -
yn(1760) — vy~ < 4.80 x 1076 CL=90% -
vX(1835) — ~yrta o (277 T 528 )yx 1074 S=1.1 1006
vX(1835) — ~pp (77 T &5 )x107° -~
7X(1835) — yKZKY (33 T 29 )x10°5 -
vX(1835) — vy < 356 x 1070  CL=00% -
v X(1840) — ~3(xt77) (24 T 8:; ) x 1075 -
(K ) [JPC =0" +] (7 +4 )x1074 S=2.1 1442
0 (356 + 0.17 ) x 1072 1546
ypprt < 7.9 x10~%  CL=90% 1107
FYAA < 13 x10~4  CL=90% 1074
~v(2100) — ~nn (113 T 8(338 ) x 104 -
7%(2100) — y77w (62 + 1.0 )x10~4 -
v17(2200) —» YK K (59 + 13 )x1074 -
v%(2200) — yKL KY (272 T 313 )% 104 -~
vf;(2220) — vy < 3.9 x 107> CL=90% -
~vf;(2220) - YKK < 41 x 1072  CL=90% -
vf(2220) — ~pp (15 =+ 08 )x10~° -
vf(2330) — YKL KY (49 £ 07 )x1075° -
~v£(2340) — ~nn (56 T %:3 ) x 1075 -
v£(2340) — YKL KY (55 T 12 )yx107® -~
’yf0(1500) N (1.09 + 024 )x10~4 1183
v (1500) — ~nn (17 T (1):2 ) x 1072 -
vA — ~invisible [e] < 6.3 x 1076  CL=90% -
7A0 — ’7,u+ wo [fl< 5 x 1070 CL=00% -
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Dalitz decays
et e~ (76 + 1.4 )x10~7 1546
nete” (143 £ 0.07 )x 1070 1500
n'(958)eT e~ (659 + 0.18 ) x 107> 1400
nU — netTe™ < 911 x10~7  CL=90% -
n'(958) U — n'(958)e™ e~ < 20 x10~7  CL=90% -

Weak decays
D~ et v+ cc. < 12 x 1072  CL=90% 984
DPete™ + cc. < 85 x 1078  CL=90% 987
D, etv.+ cc. < 13 x 1070 CL=90% 923
D:™ et v+ cc. < 18 x1070  CL=00% 828
D~ 7%+ cc. < 75 x107°  CL=90% 977
DOKO+ c.c. < 17 x10~4  CL=90% 898
DOK*0 4 cc. < 25 %1076 CL=90% 670
D, nt+ cc. < 13 x 104  CL=90% 915
D pt+ cc. < 13 x107%  CL=90% 663

Charge conjugation (C), Parity (P),
Lepton Family number (LF) violating modes

vy C < 27 x 107  CL=90% 1548
v C < 14 x 1070 CL=00% 1381
et i F LF < 16 x10=7  CL=90% 1547
et 7 F LF < 83 x 1076 CL=90% 1039
ptrF LF < 20 x 1076 CL=90% 1035

Other decays
invisible < 7 x10~%  CL=90% -

Xxco(1P) 16(PC) =0Tt

Mass m = 3414.71 4 0.30 MeV
Full width ' = 10.8 & 0.6 MeV

Scale factor/ p
Xc0(1P) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
Hadronic decays
20r T ™) (2.3440.18) % 1679
POntn (9.1 £2.9 ) x 103 1607
f(980) f5(980) (6.6 +£2.1 ) x 10~4 1301
at o= 7070 (33 £0.4 )% 1680
ptn 7%+ cc. (2.9 +£0.4 )% 1607
470 (33 £0.4 ) x 103 1681
T KT K™ (1.81+£0.14) % 1580
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K35(1430)0K3(1430)0 — (98 7533 )x1074 -
Tt KT K™
K3(1430)9K5(1430)% + c.c. — (80 t20 ) 104 -
rtTr KT K™
K1(1270)T K~ + c.c. — (6.3 +£1.9 ) x 1073 -
atr Kt K™
K1(1400)T K~ + c.c. — <27 x 1073 CL=90% -
Tt KT K™
f5(980) f(980) (16 759 )x1074 1301
f5(980) f5(2200) (79 722 )x 1074 586
fo(1370) fo(1370) <27 x 1074  CL=90% 1019
fo(1370) f5(1500) <17 x 1074  CL=90% 920
f5(1370) f5(1710) (67 33 )x1074 740
fo(1500) f5(1370) <13 x10™%  CL=90% 920
fo(1500) f5(1500) <5 x 107>  CL=90% 804
fo(1500) fo(1710) <7 x107°  CL=90% 581
KtK nta 70 (8.6 £0.9 ) x 103 1545
K KEnF oo™ (42 +£0.4 ) x 1073 1543
KT K= 7070 (5.6 £0.9 ) x 1073 1582
Kt~ KO0+ c.c. (2.4940.33) % 1581
pt K=K+ cc. (1.214+0.21) % 1458
K*(892) Kt 70 — (46 £1.2 ) x 1073 -
Kt 1= K979+ c.c.
KSKLmt o™ (5.7 £1.1 ) x 103 1579
KT K= nxd (3.0 £0.7 ) x 1073 1468
3(rt ) (1.2040.18) % 1633
Kt K*(892)° 7~ + c.c. (7.5 £1.6 ) x 1073 1523
K*(892)0 K*(892)° (1.7 £0.6 ) x 10~3 1456
T (8.5140.33) x 103 1702
7o <18 x 104 1661
70/ <11 x 103 1570
70n, <16 %1073 CL=90% 383
nn (3.0140.19) x 103 1617
nn (9.1 +1.1 ) x 107> 1521
n'n' (2.1740.12) x 10—3 1413
ww (9.7 +1.1 )x 1074 1517
wao (1.414+0.13) x 10~4 1447
wKTK™ (1.9440.21) x 10—3 1457
Kt K~ (6.0540.31) x 10~3 1634
Ke KY (3.16£0.17) x 103 1633
Tty <20 x10™4  CL=90% 1651
rta—n < 4 x 1074  CL=90% 1560

HTTP://PDG.LBL.GOV Page 11 Created: 5/22/2019 10:04



Citation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2019 update

KKt 71~ + cc. <9 x1075  CL=90% 1610
KTK— 70 <6 x107%  CL=90% 1611
KtK™n <23 x 1074  CL=90% 1512
KTK™KYKS (1.4 £05 ) x 103 1331
KTK-KTK~ (2.8240.29) x 103 1333
KTK=¢ (9.7 £25 ) x 1074 1381
KKt~ ¢+ cc. (3.7 £0.6 ) x 1073 1326
KtK=n%¢ (1.90+0.35) x 103 1329
dprta a0 (1.1840.15) x 103 1525
Yo (8.0 £0.7 ) x 10~ 4 1370
pp (2.2140.08) x 10~4 1426
ppr° (7.0 £0.7 ) x 10~4 S=13 1379
PPN (3.5 +0.4 )x 1074 1187
ppw (5.2 £0.6 ) x 1074 1043
pp o (6.0 +1.4 ) x 107> 876
pprT T (21 +0.7 ) x 1073 S=1.4 1320
pprOn0 (1.04+£0.28) x 10~3 1324
pp KT K~ (non-resonant) (1.2240.26) x 10~4 890
ppKL K <88 x 1074 CL=90% 884
pAT™ (1.2740.11) x 10—3 1376
pnmT (1.3740.12) x 10—3 1376
pAn~ 70 (2.34+0.21) x 10~3 1321
pnrt 70 (2.21£0.18) x 103 1321
AA (3.274£0.24) x 10~4 1292
AT T~ (1.1840.13) x 103 1153

AA7T 7~ (non-resonant) <5 x 1074  CL=90% 1153

> (1385)T An~ + c.c. <5 x10~%  CL=90% 1083

> (1385)" Art + c.c. <5 x1074  CL=90% 1083
Kt pA+ c.c. (1.25+0.12) x 103 S=13 1132
KT pA(1520)+ c.c. (29 +0.7 ) x 104 858
A(1520) A(1520) (31 +1.2 ) x10~% 779
>03°0 (4.68+£0.32) x 10~4 1222
yty- (4.6 +£0.8 ) x 10~4 S=26 1225
> (1385)T X(1385)~ (1.6 £0.6 ) x 10~4 1001
5 (1385) X(1385)™ (23 £0.7 ) x 1074 1001
K=A=T+ cc. (1.9440.35) x 10~4 873
=0=0 (3.1 +£0.8 ) x 10~4 1089
=—=t (4.8 £0.7 ) x 1074 1081
Nemt ™ <7 x 104  CL=90% 307

Radiative decays

~vJ/P(1S) (1.40+0.05) % 303
v o0 <9 %1076  CL=90% 1619
Yw <8 x1070  CL=90% 1618
v <6 x1070  CL=90% 1555

HTTP://PDG.LBL.GOV Page 12 Created: 5/22/2019 10:04



Citation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2019 update

vy (2.0440.09) x 10~ 4 1707
et e J/(1S) (1.54+0.33) x 10~ 4 303
Xc1(1P) 16(UPC) =0t t )
Mass m = 3510.67 &+ 0.05 MeV (S = 1.2)
Full width ' = 0.84 + 0.04 MeV
Scale factor/ p

Xc1(1P) DECAY MODES

Fraction (I';/T)

Confidence level (MeV/c)

Hadronic decays

Kt~ K70+ c.c.
p~ KTKY+ cc.
K*(892)° KO 70 —
KTrn= K70+ c.c.
Kt K= nn®
L K% K%
KtK™n
KKt 71~ + cc.
K*(892)° KO + c.c.
K*(892)T K~ + c.c.
K*(1430)°K%+ c.c. —
KKt n~+ cc.
Kj(1430)Jr K™+ cc. —
KSKTn~+ cc.
Kt K= 70
nw+w_

a0(980)T 7=+ c.c. — nat AT
a>(1320)" 7~ + cc. — T
a(1700) T 7~ + cc. — puta~

f>(1270)n — nrt
f4(2050)n — nat T

HTTP://PDG.LBL.GOV
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(58 +1.4 ) x 1073
(7.6 £2.6 )x 1073
( 1.1940.15) %

( 1.4540.24) %

(3.9 +35)x 1073
(5.4 +0.8 ) x 104
(45 +1.0)x1073
( 1.1240.27) x 10~3
( 1.15+0.13) %

(75 +0.8 ) x 1073
(86 +1.4)x103
(50 £1.2 ) x 1073
(23 +06 )x 1073

( 1.1240.34) x 10~3
(6.9 £2.9 )x 104
(32 +1.0 ) x10~4
(7.0 £0.6 )x 103
(10 +4 )x10~4
(1.4 406 )x 103
< 8 x 1074  CL=90%

< 21 x 1073 CL=90%
( 1.81+0.24) x 10~3
( 4.62+0.23) x 1073
(32 +0.4 )x10~3
( 1.76+0.24) x 10~4
(46 +£0.7 )x 1072
(35 +0.6 )x10~%

(25 +£0.9 )x 1072

1683
1728
1729
1658
1657
1729
1632
1634
1598
1596
1632
1514

1523
1630
1566
1661
1602
1602
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71(1400) T 7~ + c.c. —
UW+W_
71(1600) T 7~ + c.c. —
nﬁ+w_
7(2015) 77+ c.c. —
nﬁ+w_
(1270)n
=y
KT K~ 1'(958)
KE‘J(143O)Jr K™+ cc

f(980) 1/ (958)

fo(1710) 71’ (958)
f1,(1525)7'(958)
70£y(980) — mOntn~
KT K*(892)° 7~ + c.c.
K*(892)Y K*(892)°
KTK™KYKY
KTK-KTK™
KTK™¢
KOKtn~ ¢+ cc.
KTK= %
dprtn— a0
Ww
wKTK~
wo
ol
PP
ppm°
ppN
ppw
ppP®
ppr T
ppr0 0
pp KT K~ (non-resonant)
PPKSKS
pnm
ﬁnﬁ+
pnmt— T
ﬁnw+7r0
AA
AMat =
AA7T 7~ (non-resonant)

0
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5 x 1072
1.5 x 1072
8 x 10~

(6.7 +£1.1 ) x 10~4
(22 404 )x10~3
(88 +0.9 )x 104

(6.4 t22 1074

2.8
(1.6 732 )x10~*
(7 T )x107>
(9 +6 )x107°

(35 +0.9 )x 10~/
(32 +21)x1073
(1.4 +£0.4 )x 103

4 x 104
(5.4 +1.1 )x10~4
(41 +£1.5 ) x 104
(33 +05 )x1073
( 1.6240.30) x 10~3
(75 +£1.0 ) x 1074
(5.7 £0.7 ) x 10~4
(7.8 £0.9 ) x10~4
(27 £0.4 )x107°
(42 +05 ) x 104
( 7.60+0.34) x 1072
( 1.55+0.18) x 10~4
( 1.45+0.25) x 10~4
( 2.12+0.31) x 104

1.7 x 1072
(5.0 £1.9 )x10~4

5 x 104
( 1.27+0.22) x 10~4

4.5 x 10~4
(38 +£05)x10~%
(3.9 £05 ) x 104
( 1.03+0.12) x 10~3
( 1.01+0.12) x 10~3
( 1.14+0.11) x 10~ 4
(29 +05 ) x 104
(25 +0.6 ) x 104

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

CL=90%

1467
1612
1461

1460

1118
1225

1577
1512
1390
1393
1440
1387
1390
1578
1571
1513
1503
1429
1484
1438
1254
1117

962
1381
1385

974

968
1435
1435
1383
1383
1355
1223
1223
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> (1385)T Ar + c.c. < 13 x 1074  CL=90% 1157

5 (1385)" Art + c.c. < 13 x 1074  CL=90% 1157
Kt pA+c.c. (42 +0.4 )x10~4 S=1.2 1203
KT pA(1520)+ c.c. (1.7 +£0.4 )x10~4 950
A(1520) A(1520) < 9 x107°  CL=90% 879
5030 (42 +£06 )x 1075 1288
>ty- (3.6 £0.7 ) x 1075 1291
> (1385)T X (1385)™ < 9 x107°  CL=90% 1081
5 (1385)~ X(1385)™ < 5 x107°  CL=90% 1081
K-A=ZT+ cc. ( 1.35£0.24) x 10~ 4 963
=0=0 < 6 x 1075  CL=90% 1163
=—=t (8.0 £2.1 )x 1075 1155
ata” + KTK™ < 21 x 1073 —~
K K2 < 6 x 1075  CL=90% 1683
Nem T~ < 32 x 1073 CL=90% 413

Radiative decays

~vJ/(1S) (343 £1.0 ) % 389
v p° ( 2.16+0.17) x 10~4 1670
yw (6.8 £0.8 ) x 1072 1668
v (2.4 £05 )x107° 1607
vy < 63 x1070  CL=90% 1755
et e J/Y(1S) ( 3.6540.25) x 10~3 389

h.(1P) 16(UPCy =0~ + )

Mass m = 3525.38 &= 0.11 MeV
Full width ' = 0.7 & 0.4 MeV

P
h.(1P) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
J/¢(15)Wﬂ not seen 312
J/p(AS) < 23 x 103 90% 305
pp < 15 x 10~4 90% 1492
ata— a0 < 22 x 103 1749
2rt2r 70 (22708 1716
3rt3r— 70 < 29 % 1661

Radiative decays
n (47+21)x10~4 1720
v’ (958) ( 1.5+0.4) x 1073 1633
N (1S) (51 +6 )% 500
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Xc2(1P)

/G(JPC) _ 0+(2++)

Mass m = 3556.17 & 0.07 MeV
Full width ' = 1.97 £+ 0.09 MeV

Xc2(1P) DECAY MODES

Fraction (I';/T)

p
Confidence level (MeV/c)

2(rT 7))

at o 7070

p+7r_ 70+ cc

470

KT K= 7070

Kt~ KO0+ c.c.
p~ KTKY+ cc.
K*(892)°K— 7t —

K7t KOz0 4+ cc.

K*(892)° KO 70 —

KTn KO7x0+ cc.

K*(892)~ Kt 70 —

KTn KO7x0+ cc.

K*(892)T K07~ —

KTn KO7x0+ cc.

Kt K= nn®
KTK-atr~
KtK-atax0

K% KtnFrta

KT K*(892)° 7~ + c.c.
K*(892)0 K*(892)°
3(rtmT)

ol

Ww
wKTK™

wo

T

,00 atn~

7+ 7~ 79 (non-resonant)
p(770)t 7T

W+W_n

ata—n

nn

KTK~

K K2

K*(892)* KT

HTTP://PDG.LBL.GOV
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Hadronic decays

( 1.02+0.09) %
( 1.83+0.23) %
( 2.19+0.34) %
( 1.1140.15) x 10~3
(21 +0.4 )x10~3
( 1.38£0.20) %
(41 +£1.2 )x 1073
(29 408 )x10~3

(3.8 +£0.9 )x 1073
(37 £0.8 )x 1073
(29 +0.8 )x10~3

(1.3 +0.4 )x10~3
(8.4 +£0.9 )x 1073
( 1.1740.13) %

(73 +0.8 ) x1073
(21 +1.1)x1073
(23 404 )x103
(86 +1.8)x1073
( 1.06+0.09) x 10~3
(84 +1.0 )x 104
(73 +£0.9 ) x 104
(9.6 £2.7 ) x 1070
( 2.23+0.09) x 1073
(37 +1.6 ) x 1073
(20 +£0.4 )x107°
(6 +4 )x1070
(48 £1.3 ) x 104
(50 +1.8 ) x10~4
(5.4 +0.4 ) x10~4
( 1.0140.06) x 10~3
(52 +0.4 )x 104
( 1.44+0.21) x 10~4

1751
1752
1682
1752
1658
1657
1540

1549
1656
1623
1621
1602
1538
1707
1457
1597
1540
1529
1773
1682
1765
1724
1636
1692
1708
1707
1627
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K*(892)0 K°+ c.c.
(1430)* K

(1430)0 K0+ c.c.
K3(1780)* K
K*(1780)0 K°+ c.c.
a5(1320)0 7°
ap(1320)*

KOK+ 7=+ cc.
KtK—x0
KtK™n

K+ K= 1/(958)

K>
KE

pp KT K~ (non-resonant)

AArt
AA7T 7~ (non-resonant)
> (1385)T An~ + c.c.
>(1385)" Art + c.c.

KTPpA + c.c.

KT BA(1520)+ c.c.

A(1520) A(1520)

y050

Sty

5 (1385)" X (1385)

HTTP://PDG.LBL.GOV

( 1.2440.27) x 10~4
( 1.4840.12) x 10~3
( 1.24+0.17) x 10~3
(52 +0.8 ) x 104
(56 +2.1 )x10~4
( 1.29+0.34) x 10~3
(1.8 +0.6 )x 1073
( 1.2840.18) x 10~3
(3.0 08 )x10~%
< 32 x 10~4
( 1.94+0.34) x 10~4
(22 +05)x107°
(46 +£0.6 )x 107
(22 +05 )x 1073
< 4 x 10~4
( 1.6540.20) x 10~3
( 1.4240.29) x 10~3
(48 +£0.7 ) x 1073
(27 £0.5 ) x 1073
(93 +1.2 ) x10~4
( 7.33+0.33) x 107
(47 +£0.4 )x10~4
( 1.74+0.25) x 10~4
(3.6 +0.4 )x 104
(28 £0.9 )x 1072
( 1.3240.34) x 10~3
(7.8 £2.3 ) x 104
( 1.91+0.32) x 10~4
< 79 x 10~4
(85 +0.9 )x10~%
(89 +0.8)x10~%
( 2.17+0.18) x 10~3
( 2.11+0.18) x 10~3
( 1.84+0.15) x 10~4
( 1.2540.15) x 10~3
(6.6 £1.5)x 104
< 4 x 10~4
< 6 x 1074
(7.8 £0.5 ) x 10~4
(2.8 +0.7 ) x 10~4
(46 +1.5)x 104
(37 £0.6 ) x 1072
(34 +£0.7 )x107°
< 16 x 10~4
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90%

90%

90%

90%
90%

90%

1627

1444

1276

1531
1685
1686
1592
1488
1600
1498
1655
1418
1421
1468
1416
1419
1603
1510
1465
1285
1152
1002
1410
1414
1013
1007
1463
1463
1411
1411
1384
1255
1255
1192
1192
1236

992

923
1319
1322
1118
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> (1385)~ X (1385)" < 8 x 1075 90% 1118
K=AZT+ cc. ( 1.76+£0.32) x 10~4 1004
=0=0 < 10 x 104 90% 1197
=—=t ( 1.42+£0.32) x 10~4 1189
J/p(1S) 7O < 15 % 90% 185
70, < 32 x 103 90% 511
ne(1S)mt 7~ < 5.4 x 1073 90% 459
Radiative decays
~vJ/(1S) (19.0 £0.5 ) % 430
v p° < 1.9 x 1075 90% 1694
Yw < 6 x 1076 90% 1692
v < 7 x 1076 90% 1632
vy ( 2.85+0.10) x 10~4 1778
ete J/Y(1S) ( 2.3740.16) x 10~3 430
1¢(25) 16(PC) =0t~ 1)

Quantum numbers are quark model predictions.

Mass m = 3637.5 + 1.1 MeV (S = 1.2)
Full width I = 11.3 732 MeV

nc(2S) DECAY MODES Fraction (I';/T) Confidence level (M:V/c)
hadrons not seen -
KK (1.9+1.2) % 1729
KKn (5 +4 )x103 1637
2rton— not seen 1792

pO pO not seen 1645
3t 3n~ not seen 1749
KTK ntn— not seen 1700

K*07*0 not seen 1585
KTK-ntn— 70 (1.4£1.0) % 1667
KTK=2rnt2n— not seen 1627
K% K= 2rtn~+ c.c. seen 1666
2KT2K— not seen 1470

1030 not seen 1506
pp seen 1558
vy (1.9+13)x10~4 1819
~vJ/P(1S) < 14 % 90% 500
tn~ n not seen 1766
atn~ 77/ not seen 1680
7t n(1S) <25 % 90% 537
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16UPCY =01~ )

¥(25)

Mass m = 3686.097 + 0.025 MeV
Full width [ = 294 + 8 keV
Moo = 2.33 £+ 0.04 keV

(S = 2.6)

Scale factor/

¥(2S) DECAY MODES Fraction (I';/T)

p

Confidence level (MeV/c)

hadrons (97.85 £0.13 )% -

virtualy — hadrons (173 £0.14 )% S=15 -

ggg (106 +£1.6 )% -

Vg8 ( 1.03 £0.29 )% -

light hadrons (154 +£15 )% -
ete™ (7.93 £0.17 ) x 1073 1843
W (8.0 +£06 )x1073 1840
Tt (31 +04 )x1073 489

Decays into J/v(1S) and anything
J/1(1S)anything (61.4 +0.6 )% -
J/1(1S) neutrals (25.38 +0.32 ) % -
J/p(AS) (34.68 +0.30 ) % 477
J/p(1S) 7070 (18.24 +0.31 )% 481
J/¢¥(18)n ( 3.37 £0.05 ) % 199
J/(18)n° ( 1.268+0.032) x 10~3 528
Hadronic decays

70 h(1P) (86 +£1.3 )x10~4 85
3(nt )70 (35 +1.6 )x10~3 1746
2(rt )70 (29 +£10 )x1073 S=47 1799

pa>(1320) (26 409 )x10~4 1501
ata= 707x070 (53 +09 )x10-3 1800

pEaF 070 < 27 x 1073 CL=90% 1737
PP ( 2.94 +0.08 ) x 10~ 4 1586
nn ( 3.06 £0.15 ) x 10—4 1586
ATT AT (128 +0.35 ) x 104 1371
AA7O < 29 x 1070 CL=90% 1412
AAn (25 +£04 )x107° 1197
ApK™T ( 1.00 £0.14 ) x 1074 1327
ApKtTatn™ (1.8 +04 )x107% 1167
At = (28 406 )x1074 1346
AA (381 £0.13 )x104 S=14 1467
AXT 1™+ cc. ( 1.40 £0.13 ) x 1074 1376
A" 71t + cc. ( 1.54 +0.14 ) x 10~4 1379
NX0 (123 £0.24 ) x 1072 1437
SO05KT + cc. ( 1.67 +£0.18 ) x 105 1201
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sty- (232 £0.12 )x 1074 1408
o0 (235 £0.09 ) x 10~4 S=1.1 1405
Y(1385)* X(1385) (85 +£07 )x107° 1218
¥ (1385) X(1385)" (85 +08 )x107° 1218
¥ (1385)9X(1385) (69 407 )x107° 1218
== (287 £0.11 )x10~% S=11 1284
=0=0 (23 £04 )x10~% S=42 1201
=(1530)°=(1530)° (52 32 )x1075 1025
K-A="+cc B (39 404 )x107° 1114
Z(1690)" =T — K- A=t + (52 +16 )x107° -
cc. .
=Z(1820)" =T — K- A=t + (120 £0.32 ) x 107 -
c.C.
K-X%=t+ cc. (37 +04 )x1075 1060
- 0F (52 +04 )x107> 774
79 pp ( 1.53 £0.07 ) x 10~4 1543
N(940)p+ c.c. — 79 pp ( 6.4 i’%g ) x 1072 -
N(1440)p+ c.c. — 79pp (73 T1T )x1075 s=25 —
N(1520)p+ c.c. — 0 pp ( 6.4 i’%g ) x 1070 -
N(1535)p+ c.c. — 70pp (25 +1.0 )x107° -
N(1650)p+ c.c. — 79 pp (3.8 J_F%:‘?* ) x 1072 -
N(1720)5+ c.c. — 70pp (179 7926y 1075 -
N(2300)p+ c.c. — 70pp (26 T332 )x107° -
N(2570)5+ c.c. — 70pp (213 7939 ) x 105 -
70 £(2100) — 70pp (11 404 )x107° -
npp (60 +04 )x107° 1373
nf(2100) — npp (1.2 +04 )x107° -
N(1535)p — npp (44 407 )x107° -
wpp (69 421 )x107° 1247
n' pp ( 1.10 £0.13 ) x 1072 1141
opp < 24 x 1072 CL=90% 1109
Tt pp (6.0 +04 )x1074 1491
pRAT or c.C. ( 2.48 +0.17 ) x 10~ 4 -
pan~ 0 (32 £07 )x10~% 1492
2(rt 7 x9) (48 +15 )x10-3 1776
nnt = < 16 x 104 CL=90% 1791
nat ™ 70 (95 +1.7 )x10~4 1778
20T )n (12 +06 )x1073 1758
ata= 7070 < 4 x 1074 CL=90% 1760
ot~ 70 (45 +21 )x10~4 1692
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wrt ™
bljcwjF
b?wo

w £(1270)

POKT K™
K*(892)° K (1430)°
KtK-ntn—n
KtK=2(rtn )0
KTK=2(rt77)
K1 (1270)* KT
KsKsm™
p PP
Kt K*(892)° 7~ + c.c.
2(rt77)
p07r+7r
KtK-nta— =0
wfy(1710) - wKT K™
K*(892)0K— 7r+7r0 + cc
K*(892)1 K
K*(892)t K= p% + c.c.
K*(892)0K p + cc
nKTK™, non¢
wKTK™
wK*(892)T K~ + c.c.
wK3(1430)T K~ + c.c.
wK*(892)0 KO
wK35(1430)0 KO
wX(1440) — UJK%K_W++

wX(1440) — wKtK™ 70
wf(1285) = wKIK- 7t +
c.c.
wf(1285) — wKT K~ 70
3(rtmT)
pﬁ7r+7r_7r
KT K~
0 4,0
KsKj

+ =70

0

7r
p(2150)7 — w7~ 70
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T+ cc

(73
( 4.0
(2.4
(2.2
( 1.11
(2.6
(73
(13
(2.2
(1.9
(13
( 1.00
(1.9
( 1.00
(2.2
( 5.0
(6.7
(2.4
(2.2
( 1.26
(5.9
( 8.6
(9.6
(73
(6.1
(31
( 1.62
( 2.07
(6.1
( 1.68
(5.8
(1.6

( 1.09
( 3.0

(1.2
(35
(73
(7.5
( 5.34
( 2.01

(1.9
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+12 )x107% s=21 1748
406 )x10% S=1.1 1635
+06 )x10~4 -

+0.4 )x10~4 1515
4+0.35 ) x 1073 1749
+13 )x1074 1728
+05 )x10~4 1726
+0.6 )x1073 1726
+0.4 )x10~4 1616
+05 )x10~4 1418
+0.7 )x 1073 1574
4+0.31 ) x 1073 1611
+0.9 )x1073 1654
+0.28 ) x 1073 1581
+0.4 )x10~4 1724
+22 )x107° 1252
+25 )x10~4 1674

406 )x10~% S=22 1817
406 )x10~% S=14 1750
4+0.09 ) x 10~3 1694
+22 )x107° -
+22 )x1074 -
+28 )x10~4 -
+26 )x10~4 -
+1.8 )x10~4 -

+0.4 )x107° 1664
4+0.11 )x 1074 S=11 1614
+0.26 ) x 10~4 1482
+12 )x107° 1253
+0.30 ) x 10~4 1481
+22 )x107° 1251

+0.4 )x107° -

+0.26 ) x 107> -
+1.0 )x 1070 -

+0.7 )x 1070 -
+20 )x107% S=28 1774

+0.7 )x10~4 1435
+05 )x107° 1776
+0.33 ) x 1072 1775

4+0.17 ) x 1074 S=17 1830

T ) x10 -
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p(770)7 — 7t 7~ 70 (32 +12 )x1075 s=18 —
nta~ (78 +26 )x107° 1838
K1(1400)* KT < 31 x 1074 CL=90% 1532
K3(1430)* KT (71 T332 )x107° -~
KT K~ =0 ( 4.07 £0.31 ) x 1075 1754
KL K9 7O < 30 x 1074 CL=90% 1753
KKy (13 £05 )x1073 1661

KT K*(892)™ + c.c. (29 404 )x107° S=12 1698
K*(892)° KO+ c.c. (1.09 £0.20 ) x 104 1697
ot~ (1.18 £0.26 )x 104 S=15 1690

$1(980) — w7~ (75 £33 )x107° S=16 -
2(KTK™) (63 +£13 )x107° 1499
PKTK™ (70 +16 )x107> 1546
2(KtK—)nY (110 +0.28 ) x 104 1440
on ( 3.10 £0.31 ) x 10~° 1654
n$(2170), ¢(2170) — < 22 x 1070 CL=90% -

$1(980), fy — wta~
on' (31 +16 )x107° 1555
wn' (32 7323 )x1075 1623
w0 (21 +06 )x1075 1757
on’ (19 T11 yx105 1625
pn (22 406 )x107° S=11 1717
wn < 11 x 1072 CL=90% 1715
0 < 4 x10~7 CL=90% 1699
nent a0 < 1.0 x 10~3 CL=90% 512
pPKT K™ (27 £07 )x1075 1118
AnK%+ cc. (81 +1.8 )x1075 1324
¢ f},(1525) (44 +16 )x107° 1321
@(1530)@(1540) — < 88 x 1070 CL=90% -
KspK™n+ c.c.
O(1540)K—n — KipK~n < 10 x 1075 CL=090% -
O(1540)K%p — KIpK*n < 7.0 x 1076 CL=00% -
O(1540) KT n — KYpK*n < 26 x 1075 CL=90% -
O(1540)K%p — KIpK™h < 6.0 x 106 CL=90% -~
K KY < 46 x 100 1775
At pete + cc. < 17 x 1070 CL=90% 830

Radiative decays

YXco(1P) (1979 £0.20 )% 261
YXc1(1P) (975 £0.24 )% 171
YXc2(1P) (952 £0.20 ) % 128
v1(1S) (34 405 )x1073 s=13 635

HTTP://PDG.LBL.GOV Page 22 Created: 5/22/2019 10:04



Citation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018) and 2019 update

Y1c(25) (7 45 )x1074 48
0 (1.04 £022 )x10~0 s=14 1841
v’ (958) (124 +0.04 ) x 10~4 1719
7 £,(1270) (273 7023 )x1074 s=18 1622
v f(1370) — yKK (31 £17 )x1075 1588
7 fo(1500) (93 +£1.9 )x107° 1535
v 4(1525) (33 +£08 )x107° 1528

vf(1710) —» 77 (35 +£06 )x107° -

vf(1710) — yKK (66 +07 )x107° -
717(2100) — y7w (48 +10 )x107° 1244
vf(2200) — yKK (32 £1.0 )x107° 1193
v£(2220) — 7w < 5.8 x 1070 CL=90% 1168
vf;(2220) - YKK < 95 x 1070 CL=90% 1168
vy < 15 x 104 CL=90% 1843
N (92 +1.8 )x10— '/ 1802
ynmta~ (87 +21 )x1074 1791

yn(1405) — yYKKm <9 x 1075 CL=90% 1569

yn(1405) — nrta~ (36 425 )x107° -

yn(1405) — £ (980)7° — < 5.0 x 1077 CL=90% -

7ﬂ+w_ﬁ

yn(1475) — KK < 14 x 10~4 CL=90% -

yn(1475) — nat T < 88 x 1072 CL=90% -
y2(nt ) (40 406 )x10~% 1817
YKOKT 17+ cc. (37 £09 )x10~4 1674
v K*OK*0 (24 £07 )x10~% 1613
YKEK ™+ cc. (26 +05 )x10~4 1753
YKTK ntn~ (1.9 405 )x10~4 1726
YpP (39 +05 )x107° S=20 1586

vH(1950) — ypp (120 £0.22 ) x 1072 -

v5(2150) — ~vpp (72 +18 )x107° -

vX(1835) — ~pp (46 T8 )x1070 -~

vX — ypp lg] < 2 x 1076 CL=90% -
Yt pp (28 +£14 )x107° 1491
y2(rt T )KT K™ < 22 x 1074 CL=90% 1654
y3(nt ) < 17 x 1074 CL=90% 1774
YKTK=KT K™ < 4 x 1075 CL=90% 1499
vy /e (31 T19 yx104 542
ete 7 (1.90 £0.26 ) x 1070 1719
et e xco(1P) ( 1.06 +0.24 ) x 1073 261
et e xc1(1P) (85 406 )x1074 171
et e xea(1P) (7.0 +08 )x10~4 128
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Weak decays

DOete™+ cc. < 14 x 1077 CL=90% 1371
Other decays
invisible < 16 % CL=90% -
¥(3770) 16UPCY =0—1— )
Mass m = 3773.13 £ 0.35 MeV (S =1.1)
Full width ' = 27.2 + 1.0 MeV
e = 0.262 + 0.018 keV (S = 1.4)
In addition to the dominant decay mode to DD, v(3770) was found
to decay into the final states containing the J/v (BAI 05, ADAM 06).
ADAMS 06 and HUANG 06A searched for various decay modes with light
hadrons and found a statistically significant signal for the decay to ¢n only
(ADAMS 06).
Scale factor/ p
v(3770) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
DD 9 *& )% S=2.0 286
DO DO 2 T§ )% $=2.0 286
Dt D~ (41 +£4 )% $=2.0 252
J/prta~ ( 1.9340.28) x 10~3 560
J /070 (80 +£3.0 ) x 1074 564
J/dn (9 +4 )x1074 360
J/pr0 < 238 x10~4  CL=90% 603
et e (9.6 £0.7 ) x 10~6 S=1.3 1887
Decays to light hadrons
b1(1235) 7 < 14 x 107>  CL=90% 1683
on < 7 x 1074  CL=90% 1607
wn' < 4 x10~%  CL=90% 1672
O < 6 x10~4  CL=90% 1674
on (31 +0.7 ) x10~4 1703
wn < 1.4 x 1072  CL=90% 1762
On <5 x 104 CL=90% 1764
0 < 3 %1075  CL=90% 1746
w0 < 6 x10~% CL=90% 1803
ata— a0 < 5 x1070  CL=90% 1874
T < 5 x 1070 CL=90% 1804
K*(892)T K~ + c.c. < 1.4 x 1072 CL=90% 1745
K*(892)0K%+ c.c. < 12 x 1073 CL=90% 1744
K2KY < 12 x 1075  CL=90% 1820
2(rtwT) < 112 x1073  CL=90% 1861
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2(nt )70 < 1.06 x 1073 CL=00% 1843
2(rtrx9) < 585 % CL=00% 1821

wrta™ < 6.0 x 1074  CL=90% 1794
3(rT ) < 91 x 1073  CL=90% 1819
3(rt7)n0 < 137 % CL=90% 1792
3(rt7r)2n0 < 11.74 % CL=90% 1760
nrta~ < 1.24 x 1073  CL=90% 1836
ata 270 < 89 x1073  CL=90% 1862
POntn— < 6.9 x 1073 CL=90% 1796
n3m < 134 x 1073  CL=90% 1824
n2(rt ) < 243 % CL=90% 1804

npntn < 1.45 % CL=90% 1708
n' 3w < 2.44 x 1073  CL=90% 1740
KtK—ntn < 9.0 x 104  CL=90% 1772

ot < 41 x 1074  CL=90% 1737
KT K= 2x0 < 42 x 1073  CL=90% 1774
d(rt7T) < 1.67 % CL=90% 1757
4(nt )0 < 3.06 % CL=90% 1720
®15(980) < 45 x 104  CL=90% 1597
KTK-ntn— 70 < 236 x 103 CL=00% 1741

KT K= pOr0 < 8 x10~4  CL=00% 1624

KtK=ptn— < 1.46 % CL=90% 1622

wKTK= < 3.4 x 104  CL=90% 1664

prt =70 < 38 x 1073 CL=90% 1722

KOK= 7t 70+ cc. < 1.62 % CL=90% 1693

K**K=ntr~+ cc < 3.23 % CL=90% 1692
KTK-nta— 270 < 267 % CL=90% 1705
KTK=2(rt77) < 1.03 % CL=90% 1702
KtK=2(rtn )0 < 3.60 % CL=90% 1660
nKT K~ < 41 x 1074  CL=90% 1712
nKTK-ntn~ < 1.24 % CL=90% 1624
POKT K- < 5.0 x 1073 CL=90% 1665
2(KTK™) < 6.0 x10~%  CL=90% 1552
dKT K™ < 75 x 1074  CL=90% 1598
2(KTK™)n® < 29 x 1074 CL=90% 1493
2AAKTK )t n™ < 32 x 1073 CL=90% 1425
KK nt < 3.2 x 1073 CL=90% 1799
KSK=nt a0 < 1.33 % CL=90% 1773
KIK=pT < 66 x 1073  CL=90% 1664
KSK=2rtm™ < 87 x 1073 CL=90% 1739
KLK= T gl < 16 % CL=90% 1621
KSK—ntny < 13 % CL=90% 1669
KSK=2rt om0 < 418 % CL=90% 1703
KSK=2ntnn < 48 % CL=90% 1570
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KSK=nt2(rtnm) < 1.22 % CL=90% 1658
KL K= nT 270 < 265 % CL=90% 1742
KK KT K-t < 49 x 103 CL=90% 1490
KSK= KT K= nt 70 < 30 % CL=90% 1427
KK KT K-ty < 22 % CL=90% 1214
KOK— 7t + cc. < 97 x 1073 CL=90% 1722
ppro < 4 x 1075  CL=90% 1595
pprt ™ < 58 x 1074 CL=90% 1544
AA < 1.2 x 1074  CL=90% 1521
pprnt a0 < 185 %1073 CL=90% 1490
wpp < 29 x 1074 CL=90% 1309
AARO < 7 x 1075  CL=90% 1468
pp2(m 7)) < 26 x 1073 CL=90% 1425
npp < 5.4 x 1074 CL=90% 1430
nppr T < 33 x 1073  CL=90% 1284
O pp < 17 x 1073 CL=90% 1313
pPKT K™ < 32 x 1074 CL=90% 1185
nppKtT K™ < 6.9 x 1073 CL=90% 736
O ppKT K~ < 1.2 x 103  CL=90% 1093
opp < 13 x10~% CL=90% 1178
Art = < 25 x 1074  CL=90% 1404
APpK™T < 2.8 x 1074 CL=90% 1387
APKTntn— < 63 x 1074  CL=90% 1234
AAn < 19 x 1074  CL=90% 1262
>Sty- < 1.0 x 1074 CL=90% 1464
50350 < 4 %1075  CL=90% 1462
=t=- < 15 x 1074  CL=90% 1346
=0=0 < 14 x 104  CL=90% 1353
Radiative decays
VX2 < 6.4 x 1074  CL=90% 211
YXel ( 2.49+0.23) x 10~3 253
X0 (6.9 +£0.6 )x 103 341
YNe < 7 x10~%  CL=90% 707
v1(25) < 9 x 1074  CL=90% 133
v’ < 1.8 x 104 CL=90% 1765
N < 15 x 1074  CL=90% 1847
A0 < 2 x10~4  CL=90% 1884
10(3823) 1I6UPCY =027 )
I, J, P need confirmation.

Mass m = 3822.2 4 1.2 MeV
Full width T < 16 MeV, CL = 90%
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¥»(3823) DECAY MODES Fraction (I';/T) p (MeV/c)
Xc1?Y seen 299
X2 not seen 257
Xc1(3872) 1e(UPC =0t )
Mass m = 3871.69 £ 0.17 MeV
mxd(3872) - mJ/w = 775 + 4 MeV
Full width ' < 1.2 MeV, CL = 90%
Xc1(3872) DECAY MODES Fraction (I';/T) p (MeV/c)
mta~ J/(1S) > 32% 650
wJ/P(1S) > 23 % f
DO DO 70 >40 % 117
D0 p° >30 % 4
vJd /1 >7 x1073 697
v (2S) >4 % 181
atn~ 77(_-(15) not seen 746
T Xcl not seen 218
pp not seen 1693
Z.(3900) 16UPCy =1t + )
Mass m = 3887.2 £ 2.3 MeV (S = 1.6)
Full width ' = 28.2 £ 2.6 MeV
Z_(3900) DECAY MODES Fraction (I';/T) p (MeV/c)
J/¢7T seen 699
hc 7Ti not seen 318
77C7T_+7T_ not seen 759
(DD*)* seen -
DO D*~ + c.c. seen 153
D~ D*O—i— c.c. seen 144
wﬁi not seen 1862
J/n not seen 510
D+_D*_ + c.c seen -
DO D*O-i- c.c seen -
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X(3915) 16(JPCYy =0t (0or2t ™)
Mass m = 3918.4 &+ 1.9 MeV
Full width T = 20 £ 5 MeV (S = 1.1)
X(3915) DECAY MODES Fraction (I;/T) p (MeV/c)
w.//@b seen 222
at = 77(_-(15) not seen 785
Nen not seen 665
Ne 7TO not seen 814
KK not seen 1896
vy seen 1959
Xc2(3930) 1CUFG =0t
Mass m = 3927.2 £+ 2.6 MeV
Full width ' = 24 + 6 MeV
Xc2(3930) DECAY MODES Fraction (I';/T) p (MeV/c)
7Y seen 1964
DD seen 615
D+_D_ seen 600
DO DO seen 615
7T_|ZT_ nc(1S) not seen 792
KK not seen 1901
X (4020) 16(JPCy = 11 (2")
Mass m = 4024.1 £+ 1.9 MeV
Full width T = 13 £ 5 MeV (S = 1.7)
X(4020) DECAY MODES Fraction (I;/T) p (MeV/c)
hc(].P)’/T seen 450
D*_E* seen 85
DD*+ c.c. not seen 542
Ne atn~ not seen 872
J/w(ls)ﬂ'i not seen 811
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1(4040) ["] 16JPCY =0—1— )

Mass m = 4039 + 1 MeV
Full width ' = 80 & 10 MeV
[ee = 0.86 + 0.07 keV

Due to the complexity of the cT threshold region, in this listing, “seen”
(“not seen”) means that a cross section for the mode in question has been
measured at effective /s near this particle’'s central mass value, more
(less) than 20 above zero, without regard to any peaking behavior in /s
or absence thereof. See mode listing(s) for details and references.

1(4040) DECAY MODES Fraction (I';/T) Confidence level (M:V/c)
et e (1.07+0.16) x 107> 2019
DE seen 775
DOEO seen 775
Dt D~ seen 763

D*E-i- C.C. seen 569
D*(2007)0 DO+ c.c. seen 575
D*(2010)+ D™+ c.c. seen 561

D* D* seen 193
D*(2007)0 5*(2007)0 seen 226
D*(2010)™ D*(2010)~ seen 193
DD~ 7t +c.c. (excl. not seen -

D*(2007)°D° +c.c.,
D*(2010)" D~ +c.c.)

D D* 7 (excl. D* D*) not seen -

DOD*~ 1t 4c.c. (excl. seen -
D*(2010)™ D*(2010)™)

D? Ds_ seen 452
J/prt o~ <4 x 1073 90% 794
J/pmO70 <2 x 1073 90% 797
J/dn (5.2 £0.7 ) x 1073 675
J/aprO <28 x 10—4 90% 823
Jjpat o xd <2 x 103 90% 746

X1 < 3.4 x 1073 90% 494

Xc27Y <5 x 1073 90% 454

Xcl at o= 70 <11 % 90% 306

Xeo® i m <32 % 90% 233

he(1P)rt 7™ <3 x 1073 90% 403

T <3 x 1073 90% 1880

Arta= <29 x 10~4 90% 1578

AA7O <9 x 105 90% 1636

AAn < 3.0 x 104 90% 1452

yty- <13 x 10~4 90% 1632
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Zof_o <7 % 105 90% 1630

= +_E— <16 x 10~4 90% 1527

=0=0 <138 % 104 90% 1533
Xc1(4140) 16(PC) =0Tt )

Mass m = 4146.8 + 2.4 MeV (S =1.1)
Full width T = 2278 MeV (S = 1.3)

Xc1(4140) DECAY MODES Fraction (I;/T) p (MeV/c)

J/¢¢ seen 217

Yy not seen 2073
1(4160) [* 6P =017 )

Mass m = 4191 + 5 MeV
Full width ' = 70 & 10 MeV
ee = 0.48 + 0.22 keV

Due to the complexity of the c€ threshold region, in this listing, “seen”
(“not seen”) means that a cross section for the mode in question has been
measured at effective /s near this particle’'s central mass value, more
(less) than 20 above zero, without regard to any peaking behavior in /s
or absence thereof. See mode listing(s) for details and references.

1(4160) DECAY MODES Fraction (I;/T) Confidence level (MSV/C)
ete™ (6.9 £3.3) x 1076 2096
,u"" j seen 2093
DD seen 956
DO DO seen 956
Dt D~ seen 947
D*D+ c.c. seen 798
D*(2007)0 DO+ c.c. seen 802
D*(2010)+ D™+ c.c. seen 792
D* D* seen 592
D*(2007)° D*(2007)° seen 604
D*(2010)™ D*(2010)~ seen 592

DOD— 7t +c.c. (excl. not seen -
D*(2007)°D° +c.c.,
D*(2010)" D~ +c.c.)

D D*r+c.c. (excl. D* D¥) seen -

DO D*— nt +c.c. (excl. not seen -
D*(2010)™ D*(2010)~)
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D? Ds_ not seen 719
D:+ DS_ +c.c. seen 385
J/prta~ <3 x 103 90% 919
J/pm0x0 <3 x 10~3 90% 922
J/YKT K™ <2 x 1073 90% 407
J/n <8 x 103 90% 822
J/prO <1 x 103 90% 944
J/n <5 x 1073 90% 457
J/pat = xO <1 x 1073 90% 879
V(2S)rt <4 x 1073 90% 396
Xe1?Y <5 x 1073 90% 625
X2 <13 % 90% 587
Xcl ato—m <2 x 1073 90% 496
XC27r+7r ™ <38 x 1073 90% 445
he(1P)mt o~ <5 x 1073 90% 556
he(1P) 70 70 <2 x 1073 90% 560
ho(1P)n <2 x 1073 90% 348
he(1P) w0 < 4 x 10~4 90% 600
ot <2 x 1073 90% 1961
Yxc1(3872) — ~J /Yt~ < 6.8 x 1072 90% -
v X(3915) — ~yJ/yprt T < 1.36 x 10~4 90% -
vX(3930) — ~yJ/yprt T < 1.18 x 10~4 90% -
vX(3940) — ~yJ/Ymta— < 1.47 x 10~4 90% -
Yxc1(3872) — vy J/4 < 1.05 x 10~4 90% -
vX(3915) — ~vJ/¢ < 1.26 x 104 90% -
vX(3930) — ~vJ/¢ <88 x 1072 90% -
vX(3940) — ~vJ/9 < 1.79 x 104 90% -
1(4260) 16UPCY =0—1— )

Mass m = 4230 + 8 MeV (S = 2.9)
Full width ' = 55 4+ 19 MeV (S = 4.4)

1(4260) DECAY MODES Fraction (I';/T) p (MeV/c)
J/¢7T+W_ seen 950
J/v£(980), £(980) — 7T 7T~ seen -
Z.(3900)F 7T, ZE — J/pmt  seen -

J/¢7T0W0 seen 952
J/¢K+K_ seen 477
J/w K% K% not seen 465
J/n not seen 857
J/w 70 not seen 974
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J/¢ 77/ not seen 520
J/¢7T+W_WO not seen 912
J/wmro not seen 780
J/nm not seen 247
¢(25)W+7T_ not seen 437
@D(25)7] not seen T
Xcow not seen 205
Xcl ata— a0 not seen 537
XC271‘+7T_ 70 not seen 489
hc(].P)’/i‘+7T_ not seen 593
¢7T+ T not seen 1982
¢/’b(980) — ¢7T+ T not seen -
DD not seen 998
DO DO not seen 998
Dt D~ not seen 989
D* D +c.c. not seen 887
D*(2007)0 DO ~+c.c. not seen -
D*(2010)+ D™ +c.c. not seen -
D* D* not seen 657
D*(2007)0 E*(2007)0 not seen 668
D*(2010)* D*(2010) ™ not seen 657
DD~ rt +c.c. (ech. not seen -

D*(2007)°D*0 4-c.c.,
D*(2010)" D~ +c.c.)

DD*r —+c.c. (ech. D* E*) not seen 723
DO D*— at —+c.c. (ech. not seen -
D*(2010)+ D*(2010)")

DO D*(2010)_ﬂ‘+ —+c.c. not seen 716
D* D* not seen 395
D:_ DS_ not seen 774
D:+ Ds_ +c.c. not seen 615
D:+ D:_ not seen 109
pp not seen 1896
pﬁﬂo not seen 1860
K% Ki nt not seen 2037
Kt K= =0 not seen 2038

Radiative decays

77(_-(15)’)/ possibly seen 1063
Xc1?Y not seen 658
Xc27Y not seen 620
Xc1(3872)y seen 343
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Xcl (4274)

/G(JPC) _ 0—|—(1++)

Mass m = 4274‘_L2 MeV
Full width ' = 49 + 12 MeV

Xc1(4274) DECAY MODES Fraction (I';/T) p (MeV/c)
J/¢¢ seen 503
1¥(4360) 16UPCYy =01~ )

(4360) MASS = 4368 + 13 MeV (S = 3.7)
1(4360) WIDTH = 96 £ 7 MeV
1(4360) DECAY MODES Fraction (I;/T) p (MeV/c)
¢(25) atn~ seen 573
¢2(3823) ata~™ possibly seen 440
1(4415) [" 16(PC) =0 (17 )
Mass m = 4421 4+ 4 MeV
Full width ' = 62 £+ 20 MeV
Mee = 0.58 & 0.07 keV
Due to the complexity of the cT threshold region, in this listing, “seen”
(“not seen”) means that a cross section for the mode in question has been
measured at effective /s near this particle’'s central mass value, more
(less) than 20 above zero, without regard to any peaking behavior in /s
or absence thereof. See mode listing(s) for details and references.
p
1(4415) DECAY MODES Fraction (I;/T) Confidence level (MeV/c)
DD o seen 1187
DO DO seen 1187
D_+D_ seen 1179
D*D+ c.c. o seen 1063
D*(2007)0 DY+ c.c. seen 1067
D*(2010)+ D™+ c.c. seen 1059
D* D* o seen 919
D*(2007)0 D*(2007)0 + c.c. seen 927
D*(2010)+ D*(2010)_ + c.c. seen 919
DO D~ 7t (excl. D*(2007)° D° < 23 % 90% -
+c.c., D*(2010)" D~ +c.c.
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DD3(2460) — DD~ nt +c.c. (10 +4 )% -
DO D*~ 7t +c.c. <11 % 90% 926
D: Ds_ not seen 1006
WXce2 possibly seen 330
D:+ DS_ +c.c. seen -
D:+ D:_ not seen 652
¢2(3823) ata~ possibly seen 494
J/vn < 6 x 103 90% 1022
Xc1? < 8 x 10~4 90% 817
Xc27Y < 4 x 103 90% 780
et e~ (9.4+3.2) x 106 2210
Z.(4430) 16JPCY = 1T+ )
G, C need confirmation.

Quantum numbers not established.

Mass m = 4478‘_%2 MeV
Full width ' = 181 + 31 MeV

Z_(4430) DECAY MODES Fraction (I;/T) p (MeV/c)
’/T+7,[J(25) seen 711
T J/@D seen 1162
1(4660) 1IGUPGY =0—(1— )
I needs confirmation.

1(4660) MASS = 4643 + 9 MeV (S = 1.2)
(4660) WIDTH = 72 4 11 MeV

1(4660) DECAY MODES Fraction (I;/T) p (MeV/c)
¢(25)W+7T_ seen 820
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NOTES

[a] For E, > 100 MeV.

[b] The value is for the sum of the charge states or particle/antiparticle
states indicated.

[c] Includes ppm™ 7~ 7 and excludes ppn, ppw, pp7'.

[d] See the “Note on the 7(1405)" in the 1(1405) Particle Listings.

[e] For a narrow state A with mass less than 960 MeV.

[f] For a narrow scalar or pseudoscalar A? with mass 0.21-3.0 GeV.

[g] For a narrow resonance in the range 2.2 < M(X) < 2.8 GeV.

[A] JPC Kknown by production in e™ e~ via single photon annihilation. 16

is not known; interpretation of this state as a single resonance is unclear
because of the expectation of substantial threshold effects in this energy

region.
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